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ABSTRACT The ANRS 12174 trial assessed the efficacy and tolerance of lopinavir
(LPV)-ritonavir (LPV/r) prophylaxis versus those of lamivudine (3TC) prophylaxis ad-
ministered to breastfed infants whose HIV-infected mothers were not on antiretrovi-
ral therapy. In this substudy, we assessed LPV/r and 3TC pharmacokinetics to evalu-
ate the percentage of infants with therapeutic plasma concentrations and to discuss
these data in the context of a prophylactic treatment. Infants from the South African
trial site underwent blood sampling for pharmacokinetic study at weeks 6, 26, and
38 of life. We applied a Bayesian approach to derive the 3TC and LPV pharmacoki-
netic parameters on the basis of previously published pharmacokinetic models for
HIV-infected children. We analyzed 114 LPV and 180 3TC plasma concentrations
from 69 infants and 92 infants, respectively. A total of 30 LPV and 20 3TC observa-
tions were considered missing doses and discarded from the Bayesian analysis. The
overall population analysis showed that 30 to 40% of the infants did not reach ther-
apeutic targets, regardless of treatment group. The median LPV trough concentra-
tions at weeks 6, 26, and 38 were 2.8 mg/liter (interquartile range [IQR], 1.7 to 4.4
mg/liter), 5.6 mg/liter (IQR, 3.2 to 7.7 mg/liter), and 3.4 mg/liter (IQR, 2.3 to 7.3 mg/
liter), respectively. The median 3TC area under the curve from 0 to 12 h after the
last drug intake were 5.6 mg · h/liter (IQR, 4.1 to 7.8 mg · h/liter), 5.9 mg · h/liter
(IQR, 5.1 to 7.5 mg · h/liter), and 7.3 mg · h/liter (IQR, 4.9 to 8.5 mg · h/liter) at
weeks 6, 26, and 38, respectively. Use of the therapeutic doses recommended by the
WHO would have resulted in a higher proportion of infants achieving the targets.
However, no HIV-1 infection was reported among these infants. These results sug-
gest that the prophylactic targets for both 3TC and LPV may be lower than the ther-
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apeutic ones. For treatment, the WHO dosing guidelines should be suitable to main-
tain values above the therapeutic pharmacokinetic targets in most infants. (This
study has been registered at ClinicalTrials.gov under identifier NCT00640263.)

KEYWORDS breastfeeding, pharmacokinetics, preexposure prophylaxis

According to the 2012 UNAIDS estimates, the postnatal transmission of HIV-1 from
mother to infant through breastfeeding (BF) still represents a significant fraction of

overall mother-to-child-transmission (MTCT) (1). Various antiretroviral prophylaxis op-
tions to prevent MTCT through breast milk have emerged during the last 15 years, such
as (i) the use of antiretroviral therapy (ART) for the mothers during the BF period (WHO
option B) or (ii) the initiation of antiretroviral prophylaxis solely in their infants (WHO
option A) (2). The current WHO guidelines recommend option B�, which consists of
treating all pregnant and breastfeeding women with antiretroviral therapy regardless of
the WHO clinical stage or CD4 cell count, together with infant prophylaxis with
nevirapine for the first 6 weeks of life (3). The ANRS 12174 trial (ClinicalTrials.gov
identifier NCT00640263) was started in 2009 to assess the efficacy of new regimens to
prevent postnatal HIV acquisition in breastfed infants born to HIV-infected mothers not
eligible for combined ART (4). Randomized preexposure prophylaxis (PrEP) with lopi-
navir (LPV)-ritonavir (LPV/r) or lamivudine (3TC) was initiated in 1,273 uninfected infants
from four African countries starting from the first week of life until 1 week after the
cessation of BF. The results of the ANRS 12174 trial support an alternative strategy to
option A or B for BF mothers, with a cumulative transmission rate of 1.5% (95%
confidence interval, 0.8 to 2.2%) being reported at 12 months of age when this strategy
is used (5).

In the present study, we aimed (i) to evaluate the proportion of children with
therapeutic plasma concentrations, (ii) to simulate the concentrations that the 2016
WHO dosing guidelines would produce, and (iii) to discuss these data in the context of
a prophylactic treatment.

RESULTS

The pharmacokinetic analysis was performed on blood samples from 161 infants
whose mothers were not on ART during breastfeeding. The flow chart of this suba-
nalysis is presented in Fig. 1.

Description of the population. (i) Population treated with lopinavir-ritonavir.
Sixty-nine infants (33 girls and 36 boys) and 114 plasma LPV concentrations were
available for pharmacokinetic evaluation. The LPV/r regimen was initiated after a
median postnatal age of 8 days (range, 5 to 15 days). Participant characteristics at the
three visits for the collection of samples for pharmacokinetic analysis are summarized
in Table 1. A total of 35 (51%), 23 (33%), and 11 (16%) infants had 1, 2, or 3 plasma
samples available, respectively. The sample collection time relative to the time of dose
administration ranged from 0.8 to 19.2 h with a median of 4.6 h (interquartile range
[IQR], 3.8 to 6.0 h). No case of HIV-1 infection was reported among the 69 infants.

(ii) Population treated with lamivudine. Ninety-two infants (44 girls and 48 boys)
and 180 plasma 3TC concentrations were available for pharmacokinetic evaluation. The
3TC regimen was initiated after a median postnatal age of 8 days (range, 5 to 12 days).
Table 1 summarizes the participant characteristics. A total of 31 (34%), 34 (37%), and 27
(29%) infants had 1, 2, or 3 plasma samples available, respectively. The sample collec-
tion time relative to the time of dose administration ranged from 0.8 to 19.3 h with a
median of 5.1 h (IQR, 3.7 to 6.3 h). No case of HIV-1 transmission was observed among
the 92 children.

Missed medication doses. (i) Population treated with lopinavir-ritonavir. Thirty
LPV observations (26% of the overall observations) were classified as missing doses and
removed from the simulated analyses: 25 observations had concentrations below the
limit of quantification (LOQ), and 5 had particularly low plasma concentrations when
the time between the time of drug administration and the time of blood sampling was
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considered. The median ratio of excluded observations to population predicted con-
centrations was 0.019 (range, 0.006 to 0.159).

(ii) Population treated with lamivudine. A total of 20 3TC observations (11% of
the overall observations) were discarded from the simulated analyses because of
missing doses: 16 had concentrations below the LOQ and 4 had unexpectedly low
plasma concentrations when the time between the time of drug administration and the

FIG 1 Flowchart of the pharmacokinetic (PK) study.

TABLE 1 Summary of infant characteristics for the LPV/r and 3TC groupsa

Treatment and characteristic

Median (IQR) value atb:

Wk 6 Wk 26 Wk 38

LPV/r
Infant age (wk) at visit 6.0 (6.0–6.2) 26.0 (25.8–26.1) 38.0 (37.7–38.2)
Wt (kg) at blood sampling 4.6 (4.2–5.0) 7.3 (6.6–8.4) 8.4 (7.3–9.2)
Length (cm) at blood sampling 53.5 (52.4–54.5) 64.5 (63.1–66.0) 68.2 (65.9–69.5)
Serum creatinine concn (�mol/liter) 23.0 (18.0–25.0) 17.0 (15.0–20.5) 19.0 (17.3–25.0)
ALAT concn (IU/liter) 16.0 (13.0–19.0) 14.0 (11.5–18.5) 13.5 (13.0–15.0)
Hemoglobin concn (g/dl) 10.9 (10.2–12.1) 10.9 (9.9–11.5) 11.2 (10.8–11.4)
Dose BID prescribed at preceding visit (mg) 40/10 (40/10–40/10) 80/20 (80/20–80/20) 80/20 (80/20–80/20)

3TC
Infant age (wk) at visit 6.0 (6.0–6.1) 26.0 (25.7–26.1) 38.0 (37.7–38.6)
Wt (kg) at blood sampling 4.7 (4.1–5.1) 7.6 (7.1–8.2) 8.7 (8.0–9.4)
Length (cm) at blood sampling 54.0 (52.2–55.5) 65.0 (63.9–66.7) 69.6 (68.2–70.7)
Serum creatinine concn (�mol/liter) 20.5 (18.0–23.0) 18.0 (15.0–23.0) 21.0 (18.3–25.0)
ALAT concn (IU/liter) 20.0 (16.0–27.0) 18.0 (15.0–21.0) 17.5 (16.0–19.0)
Hemoglobin concn (g/dl) 10.7 (9.8–11.7) 10.7 (10.1–11.3) 10.6 (10.1–11.3)
Dose BID prescribed at preceding visit (mg) 7.5 (7.5–7.5) 25.0 (25.0–37.5) 50.0 (25.0–50.0)

aAbbreviations: IQR, interquartile range; BID, twice daily; ALAT, alanine aminotransferase.
bFor treatment with LPV/r, data are for 59, 32, and 23 infants at weeks 6, 26, and 38, respectively. For treatment with 3TC, data are for 82, 57, and 41 infants at weeks
6, 26, and 38, respectively.
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time of blood sampling was considered. The median ratio of excluded observations to
population predicted concentrations was 0.007 (range, 0.001 to 0.172).

Pharmacokinetics and drug dosage evaluations. (i) Population treated with
lopinavir-ritonavir. The observed LPV concentrations and the individual median
predictions (6) are displayed as a function of time in Fig. S1 in the supplemental
material. The LPV trough concentration (Ctrough), maximal concentration (Cmax), time to
reach the maximal concentration (Tmax), area under the curve from 0 to 12 h after the
last drug intake (AUC0 –12), and apparent clearance (CL/F) per kilogram of body weight
values for the 57 infants without missing doses were derived from samples collected at
the visits scheduled for pharmacokinetic analysis (Table 2). The percentage of Ctrough

values above the LPV pharmacokinetic target is reported in Table 3 for the different
analysis sets.

According to the ANRS 12174 trial weight bands, 70 to 75% of the LPV Ctrough values
were above the 1-mg/liter target for the overall population. After exclusion of potential
missed medication doses, 82 to 99% of Ctrough values would have been above the
target (see the data for the ANRS 12174 protocol dose population in Table 3). On the
basis of the simulation of the therapeutic WHO dosing guidelines for HIV-1-infected
children (i.e., the weight-based doses in the WHO dosing guidelines are higher than
those administered in this trial), LPV Ctrough values above the 1-mg/liter target would
be achieved in 91 to 100% of cases.

(ii) Population treated with lamivudine. The 3TC observed concentrations and the
individual median predictions (7) are displayed as a function of time in Fig. S2. Table 2
summarizes the 3TC Ctrough, Cmax, Tmax, AUC0 –12, and CL/F per kilogram values derived
from samples from the 81 infants without missing doses collected at the visits sched-

TABLE 2 Values of LPV and 3TC pharmacokinetic parametersa

Treatment and
parameter

Median (IQR) value atb:

Wk 6 Wk 26 Wk 38

LPV
Dose BID (mg) 40 (40–40) 80 (80–80) 80 (80–80)
CL/F per kg (liter/h/kg) 0.17 (0.12–0.29) 0.09 (0.08–0.20) 0.16 (0.08–0.22)
Ctrough (mg/liter) 2.83 (1.73–4.43) 5.57 (3.17–7.68) 3.39 (2.28–7.26)
Cmax (mg/liter) 5.82 (3.63–9.01) 10.52 (6.33–14.75) 6.49 (4.29 �12.86)
Tmax (h) 3.0 (3.0–3.0) 3.0 (3.0–3.1) 3.1 (3.0–3.1)
AUC0–12 (mg · h/liter) 54.5 (33.9–85.8) 101.4 (60.3–141.4) 62.1 (41.0–126.5)

3TC
Dose BID (mg) 7.5 (7.5–7.5) 25 (25–25) 50 (25–50)
CL/F per kg (liter/h/kg) 0.32 (0.24–0.43) 0.61 (0.53–0.76) 0.70 (0.49–0.79)
Ctrough (mg/liter) 0.15 (0.12–0.24) 0.11 (0.09–0.16) 0.13 (0.09–0.17)
Cmax (mg/liter) 0.89 (0.66–1.19) 1.10 (0.94–1.49) 1.45 (0.97–1.68)
Tmax (h) 2.0 (1.7–2.3) 1.7 (1.4–2.0) 1.6 (1.4–1.9)
AUC0–12 (mg · h/liter) 5.6 (4.1–7.8) 5.9 (5.1–7.5) 7.3 (4.9–8.5)

aAbbreviations: LPV, lopinavir; 3TC, lamivudine; IQR, interquartile range; BID, twice daily; CL/F, apparent
clearance; Ctrough, trough concentration, Cmax, maximal concentration, Tmax, time to reach the maximal
concentration; AUC0 –12, area under the curve from 0 to 12 h after the last drug intake.

bFor treatment with LPV, data are for 44, 26, and 14 infants at weeks 6, 26, and 38, respectively. For
treatment with 3TC, data are for 77, 49, and 34 infants at weeks 6, 26, and 38, respectively.

TABLE 3 Results for samples with Ctrough values of �1 mg/liter for the different population analysis sets

Wt band (kg)

Overall population
ANRS 12174 protocol dose
populationa WHO simulated populationa,b

n obs.c

No. (%) of infants with a
Ctrough of >1 mg/liter n obs.

No. (%) of infants with a
Ctrough of >1 mg/liter n obs.

No. (%) of infants with a
Ctrough of >1 mg/liter

�4 12 9 (75) 11 9 (82) 11 10 (91)
�4 102 71 (70) 73 72 (99) 73 73 (100)
aData for samples from infants that may have missed a dose at the sampling time were excluded.
bData for the WHO simulated population are simulated concentrations that the 2016 WHO dosing guidelines would produce for HIV-1-infected children.
cn obs., number of observations.
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uled for pharmacokinetic analysis. The percentage of AUC0 –12 values �4.2 mg · h/liter
by weight band for the different analysis sets is shown in Table 4.

For the different weight bands, 60 to 75% of AUC0 –12 values were above the
4.2-mg · h/liter target for the overall population. A higher percentage of children in the
ANRS 12174 protocol dose population than children in the overall population would
have reached the threshold (i.e., 69 to 91% of children would have AUC0 –12 values of
�4.2 mg · h/liter). On the basis of the simulation of the therapeutic WHO dosing
guidelines for HIV-1-infected children, 88 to 96% of the AUC0 –12 values would be above
the 4.2-mg · h/liter target.

DISCUSSION

The ANRS 12174 trial assessed the efficacy of infant LPV/r or 3TC prophylaxis to
reduce the risk of HIV transmission during the breastfeeding period. According to an
intention-to-treat analysis, an HIV infection rate of less than 1.6% was reported among
the 1,273 infants born to mothers not eligible for ART (5). A total of eight and nine HIV-1
infections were observed in the LPV/r and 3TC arms, respectively (5). In this subanalysis,
we studied LPV/r and 3TC pharmacokinetics to assess the consistency of the drug
dosages used in the ANRS 12174 trial. A population approach was first tried, but
the collected data were too sparse to estimate accurately the overall pharmacoki-
netic parameters. Thus, a Bayesian approach was preferred to the development of new
pharmacokinetic models, given the robust population pharmacokinetic models for
both 3TC and LPV/r that have previously been published for similar populations (6, 7).
Interestingly, estimates of apparent clearances after other parameters were fixed were
in agreement with the values reported by Nikanjam et al. (6) and Bouazza et al. (7) for
LPV/r and 3TC, respectively. The model selected for 3TC was developed with data from
920 HIV-infected children (a total of 3,820 observations) using a meta-analysis of data
from therapeutic drug monitoring and controlled clinical trials (7). The model selected
for LPV was based on both sparse and intensive data coming from 30 HIV-infected
infants who were started an LPV/r treatment at between 2 weeks and 6 months of life
(a total of 607 concentration measurements) (6). These models take into account the
developmental changes that occur during the first year of life by including weight- and
age-related effects on the apparent clearance and volume of distribution parameters.
We used the therapeutic pharmacokinetic thresholds previously associated with 3TC or
LPV/r virological efficacy in children and adults (7–10) to evaluate the protocol drug
dosages as well as the 2016 WHO dosing guidelines for HIV-infected infants. Regardless
of the treatment group, 30 to 40% of LPV Ctrough or AUC0 –12 values were below the
corresponding therapeutic targets, due in part to missing doses. Several publications
on PrEP in adults have shown that one of the major contributors to HIV-1 transmission
is poor adherence to PrEP medications (11–13). The literature on adherence to PrEP in
breastfeeding infants is scarce with a focus on nevirapine (14, 15). Of note, a higher
percentage of missed medication doses was estimated in the LPV/r group than the 3TC
group (26% for the LPV/r group versus 11% for the 3TC group). This may be explained,
in part, by the fact that the LPV/r syrup formulation is often described to have an
unpleasant taste (16). After exclusion of the data for samples from infants that may

TABLE 4 Results for samples with 3TC AUC0 –12 values of �4.2 mg · h/liter for the different population analysis sets

Wt band (kg)

Overall population
ANRS 12174 protocol dose
populationa WHO simulated populationa,b

n obs.c

No. (%) of infants with an
AUC0–12 of >4.2 mg · h/liter n obs.

No. (%) of infants with an
AUC0–12 of >4.2 mg · h/liter n obs.

No. (%) of infants with an
AUC0–12 of >4.2 mg · h/liter

�4 15 9 (60) 13 9 (69) 13 12 (92)
�4–8 117 82 (70) 107 97 (91) 107 103 (96)
�8 48 36 (75) 40 36 (90) 40 35 (88)
aData for samples from infants that may have missed a dose at the sampling time were excluded.
bData for the WHO simulated population are simulated concentrations that the 2016 WHO dosing guidelines would produce for HIV-1-infected children.
cn obs., number of observations.
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have missed a dose and according to the prophylaxis doses initially planned for use in
the ANRS 12174 trial protocol, a lower percentage of infants would have been under-
dosed. This percentage would have been even lower if the current WHO dosing
guidelines were used. Use of these guidelines would have resulted in less than 9% and
12% of the LPV Ctrough and 3TC AUC0 –12 values, respectively, falling below the corre-
sponding thresholds. Therefore, WHO dosing recommendations appear to be suitable
for maintaining the values above the therapeutic pharmacokinetic targets for most
infants aged 6 to 38 weeks.

Our study shows that none of the HIV-exposed infants whose values were below the
therapeutic pharmacokinetic target acquired HIV infection during the trial period.
These results suggest that the prophylactic targets for both 3TC and LPV may be lower
than the therapeutic ones. The relationship between prophylactic and therapeutic targets
remains an issue for other molecules used in the prevention of MTCT. A prophylactic target
corresponding to 10 times the in vitro median inhibitory concentration has been proposed
for nevirapine (17). This threshold is much lower than the Ctrough therapeutic target of 3
mg/liter for HIV-infected adults (10, 18). In contrast, the dose of zidovudine recommended
for the prevention of MTCT results in exposure levels that are even higher than those
obtained with the therapeutic adult dose (19). However, no formal dose-response analysis
has been performed to determine if this higher initial exposure is needed.

This study has several limitations. The main limitation was the lack of pharmacoki-
netic and safety data for infants less than 6 weeks of age. Indeed, the LPV/r pharma-
cokinetic profile should be different in the first weeks of life, given the CYP3A ontogeny
and the switch from CYP3A7 to CYP3A4/5 (20). Regarding safety data, to our knowl-
edge, there is no evidence-based medicine to evaluate the tolerance of LPV/r at �6
weeks of age, but a few case reports on toxicity have been provided. Those reports
mainly concerned premature babies and infants with cardiac dysfunction (and cases of
overdosing) (21). A general warning from the FDA about the use of LPV/r in infants
aged less than 14 days followed (22). The second limitation is that no prophylaxis doses
were proposed in this study, as no HIV-1 transmission was observed in the 161 infants.
Further larger studies designed to assess associations between the transmission rate
and drug exposure are strongly needed in order to determine accurately the prophy-
laxis doses that ensure both drug safety and efficacy.

In conclusion, no case of HIV-1 infection was reported among the 161 infants
evaluated in this study, even though a large proportion of children had 3TC and LPV
levels below the therapeutic targets. This study raises the question of the optimal 3TC
and LPV prophylactic targets needed to prevent MTCT during breastfeeding. This study
also confirms that the WHO dosing guidelines provide 3TC and LPV exposure levels
above the therapeutic targets in most infants.

MATERIALS AND METHODS
Study participants. This pharmacokinetic study was part of the ANRS 12174 trial study, which was

a large, randomized, multinational, double-blind, controlled trial conducted with 1,273 mother-infant
pairs in Burkina Faso, South Africa, Uganda, and Zambia between December 2009 and February 2014.
The study was approved by the National Ethics Committee on AIDS and was registered in the NIH
international database (https://clinicaltrials.gov/) of clinical trials under ClinicalTrials.gov identifier
NCT00640263. The study enrolled singleton infants and their mothers who were not eligible for ART
according to WHO guidelines at the time of the study, i.e., because they had �350 CD4 cells/�l blood.
Complete details on the study protocol have been published elsewhere (4). This pharmacokinetic analysis
was performed on blood samples taken only from infants from the South African trial site in East London.

Study treatment. All infants were on daily nevirapine until PCR excluded prenatal infection (in a
blood sample taken within 7 days of life). Then, infants were randomly switched to receive either
lamivudine or the lopinavir-ritonavir coformulation during the BF period. LPV/r and 3TC were adminis-
tered using commercial syrup formulations. LPV/r was administered to infants twice daily (BID) according
to the following dosing scheme: 40/10 mg BID for newborns weighing 2 to 3.9 kg and 80/20 mg BID for
infants weighing more than 4 kg. Lamivudine was administered as follows: 7.5 mg BID for neonates
weighing 2 to 3.9 kg, 25 mg BID for infants weighing 4 to 7.9 kg, and 50 mg BID for children weighing
more than 8 kg. LPV/r and 3TC doses were prescribed at the visit preceding the blood sampling.

Sampling. This study analyzed blood samples taken from infants from the South African trial site in
East London. Samples for pharmacokinetic analysis were taken according to a random sampling scheme
at three different visits: at the 6th, 26th, and 38th weeks of life. We recorded the following parameters
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for the infants: the dose of study drug prescribed; the date of prescription; the amount of time between
the time of administration and the time of blood sampling; age; weight; length; and the alanine
aminotransferase (ALAT), serum creatinine, and hemoglobin concentrations. The first sampling occurred
after at least 4 weeks of treatment, guaranteeing that steady state was reached. Infant HIV-1 infection
was assessed using an HIV-1 DNA real-time PCR on dried blood spots (Generic HIV DNA cell; Biocentric,
France) at day 7 and at weeks 6, 14, 26, 38, and 50.

Analytical methods. The plasma concentrations of LPV and 3TC were determined by the Depart-
ment of Clinical Pharmacology (Hôpital Cochin, Paris, France) by means of validated liquid
chromatography-tandem mass spectrometry methods (23). The limits of quantification (LOQs) were 100
ng/ml and 4 ng/ml for LPV and 3TC, respectively. Calibration curves were constructed with blank plasma
spiked with concentrations ranging from 100 to 15,000 ng/ml for LPV and 4 to 2,000 ng/ml for 3TC. The
inter- and intra-assay accuracies and precisions were between 0.23% and 11.37% for LPV concentrations.
For 3TC, the mean interassay precision for controls containing small quantities of drug was 10%, and the
inaccuracy at the LOQ was 4.5%.

Pharmacokinetic analyses. The pharmacokinetic data collected in this trial were too sparse for use
of a population approach. As several robust LPV/r and 3TC population pharmacokinetic models have
been published for populations with an age range and ethnicity similar to those of the infants included
in our study, a Bayesian approach was applied. The nonlinear mixed effect modeling program NONMEM
was used to perform Bayesian estimations (the maximum number of function evaluations was set to 0
in the estimation step). Individual predicted concentrations (IPREDs) of lopinavir were derived from the
model published by Nikanjam et al. (6). The authors reported that a one-compartment model with
first-order absorption and elimination rate constants adequately described their data. Apparent clear-
ance (CL/F) and volume of distribution (V/F) parameters were related to weight, and the relative
bioavailability was shown to increase as a function of age. Individual 3TC pharmacokinetics were derived
using the two-compartment model with linear absorption and elimination published by Bouazza et al.
(7). The apparent clearance and volume of distribution parameters were allometrically scaled, and an
additional effect of age on CL/F was determined. Infants from whom blood samples were obtained on
multiple occasions were treated as separate subjects. IPREDs were determined for each blood sample
from the available sampling times, according to the dosage history, weight at the time of blood
sampling, and age covariate values. The trough concentration (Ctrough), maximal concentration (Cmax),
time to reach the maximal concentration (Tmax), and area under the curve from 0 to 12 h after the last
drug intake (AUC0 –12) were derived for each blood sample. To account for missing doses, a total of 400
simulations of the models were performed using the infant’s demographic data (i.e., body weight and
postnatal age) and dosing characteristics. The observations below the 2.5th percentile were then
discarded from the pharmacokinetic analyses, with nonadherence being assumed for these infants. The
ratio of excluded observations to population predicted concentrations was also calculated (using values
of half the LOQ for observations with levels below the LOQ).

ANRS 12174 trial and WHO drug dosage assessments. We assessed the consistency of the LPV/r
and 3TC ANRS 12174 trial weight-based drug dosages by calculating the percentage of (i) trough LPV
concentrations above 1 mg/liter and (ii) 3TC AUC0 –12 values above 4.2 mg · h/liter. These thresholds have
been shown to be associated with virological efficacy for LPV/r and 3TC in HIV-infected children and
adults (7–10).

Dosage assessment. The ANRS 12174 trial and WHO dosages were assessed by the use of three
different population analysis sets: the overall population, the ANRS 12174 protocol dose population, and
the WHO simulated population.

(i) Overall population. The analysis of the overall population was performed with blood samples
available from the South African trial site according to the doses received by the children during the trial.
Samples from infants that may have missed a dose at the sampling time were kept in this analysis.

(ii) ANRS 12174 protocol dose population. Analysis of ANRS 12174 protocol dose population
excluded samples from infants that may have missed a dose at the sampling time. Individual pharma-
cokinetic parameters for the other infants were used to assess the prophylaxis doses in accordance with
the protocol.

(iii) WHO simulated population. Analysis of the WHO simulated population excluded samples from
infants that may have missed a dose at the sampling time. Individual pharmacokinetic parameters for all
other participants were used to simulate the 2016 WHO dosing guidelines for HIV-infected children,
which were issued after the start of the trial. For LPV/r, the dose recommendations were 80/20 mg BID
for infants weighing 3 to 5.9 kg, 120/30 mg BID for infants weighing 6 to 9.9 kg, and 160/40 mg BID for
children weighing 10 to 13.9 kg. For 3TC, the dosing guidelines were 30 mg BID for infants weighing 3
to 5.9 kg, 40 mg BID for infants weighing 6 to 9.9 kg, and 60 mg BID for children weighing 10 to 13.9
kg (3).

These analyses were performed according to the ANRS 12174 trial weight bands.
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